The M w = 8.0 Wenchuan earthquake of May 12, 2008, caused destruction over a wide area. The earthquake cost more than 69,000 lives and the damage is reported to have left more than 5 million people homeless. It is estimated that 5.36 million buildings were destroyed and 21 million buildings were damaged in Sichuan and the nearby provinces. Economic losses due to the event are estimated to be 124 billion USD. From a field reconnaissance trip conducted in October 2008, it is evident that the combination of several factors, including mountainous landscape, strong ground shaking, extensive landslides and rock-falls, has exacerbated the human and economic consequences of this earthquake. Extensive damage occurred over a wide area due to the shear size of the earthquake rupture combined with poor quality building construction. In order to investigate the ground shaking during the earthquake, we have conducted a strong ground motion simulation study, applying a hybrid broadband frequency technique. The preliminary results show large spatial variation in the ground shaking, with the strongest ground motions along the fault plane. The simulation results have been calibrated against the recorded ground motion from several near-field stations in the area, and acceleration values of the order of 1 g are obtained, similar to what was recorded during the event. Comparison with the damage distribution observed in the field confirms that the effect of fault rupture complexity on the resulting ground motion
Fig. 1
The regional tectonic setting around the Tibetan Plateau, which is moving eastward as a result of the convergence of the northward moving Indian Plate (4 cm/year) and the stable Eurasian Plate. The major plate boundaries are as thick grey lines along with the GPS vectors as white arrows, scaled after plate velocity. The main faults in the region are shown in black. The May 12 2008 earthquake occurred along the Longmenshan Fold and Thrust Belt (LFTB), marked with a black box code has been revised several time, since it was first introduced in 1974 by the Chinese Construction Committee. Following the Mw = 7.9 Tangshan earthquake in 1976, the seismic design code was revised in 1978 and in 1989, the Chinese National Standard Seismic Code was introduced. The latest design code for buildings is from 2001. The area worst affected by the Wenchuan earthquake was classified as an intensity VII zone in the seismic zonation map ). As reported in the intensity map of the Wenchuan earthquake from the China Earthquake Administration, the intensity in the near fault area is determined to be IX-XI ), which is higher than the levels required by the seismic design code. Furthermore, the predominant frequency of the reported ground motion (0.1-0.5 s) is close to the fundamental frequency of masonry and reinforced concrete buildings of 5-6 floors, which dominate the structures in the area Zifa et al. 2008) . These factors probably contributed significantly to the enormous number of collapsed and damaged buildings.
In this report, we give an overview of the earthquake characteristics and the associated damage from field observations of fault rupture, strong ground shaking, secondary effects (e.g. landslides, rock falls and liquefaction) as well as damage to buildings and infrastructure at selected sites. In addition, we present a preliminary simulation of the ground shaking during the event, based on the slip distribution provided by Ji and Hayes (2008) , for the purpose of associating the strong ground motion with the observed damage.
Field reconnaissance
The field reconnaissance was conducted during a fieldtrip organized as part of the 14th World Conference on Earthquake Engineering, on 18 and 19 October, 2008. The field route was approximately 600-700 km long. We started from Chengdu and visited several major cities affected by the earthquake, including Yingxiu, in the epicentral region and, Bailu, Hanwang and Beichuan, which are located along the fault rupture.
Bailu is located 40-50 km northeast of the epicenter, where the ruptured fault runs directly through the school yard of Bailu Middle School. Hanwang is located approximately 80 km northeast of the epicenter, in a large industrial area, whereas Beichuan (Qushan) is approximately 120 km northeast of the epicenter and has experienced many landslides and rock falls as well as a large debris flow following the earthquake. In the following sections, our main observations are described following the field trip route (Fig. 2 ) from the epicentral area in the south to Beichuan in the north.
Yingxiu
Yingxiu lies closest to the epicenter of the Wenchuan earthquake. The city suffered severe damage, and a clear surface rupture is seen in the northern part of the town. Before the earthquake, the population of Yingxiu and nearby areas was approximately 13,000. The death toll due to the earthquake is estimated to be around 5,000. Construction of new buildings was already planned at the time of the field trip and several large shelter towns had been established in the area.
The fault scarp in Yingxiu is located at (31.065 • N; 103.490 • E). The displacement observed was pure thrust with a vertical displacement of 1.8-2.2 m (Fig. 3) . The fault has Fig. 3 Fault scarp, Yingxiu. a Surface rupture crossing and deforming the main road, which was flat prior to the earthquake. b Fault scarp continuing across the river. The approximate location of the surface rupture is shown by a red stippled line. A landslide scarp is visible on the hill side in the background a strike of 240-250 • and a dip of 30-50 • at this location, crossing and deforming the main road (Fig. 3a) . Eyewitnesses confirmed that the earthquake created a 2 m vertical scarp on the river bed, resulting in a small waterfall, which had gradually eroded away before our visit. In the background of Fig. 3b scarps after landslides are visible.
In Fig. 4 , various types of building damage in Yingxiu are shown. Approximately 80% of the buildings in central Yingxiu collapsed during the earthquake, and it is planned that parts of the destroyed city will be preserved as a memorial museum. The massive destruction in Yingxiu is consistent with the short distance to the rupture initiation point from city and the thrust mechanism of the displacement. The high level of ground shaking experienced in the area was a consequence of proximity to the asperity with the largest displacement across the fault plane, estimated by waveform inversion (e.g. Ji and Hayes 2008; Nishimura and Yagi 2008; Zhao et al. 2010) , as well as large displacements at the surface and is expressed through the damage to buildings and infrastructure (Fig. 4b) . The buildings in the area were predominantly of reinforced concrete (RC) with brick infill (see Fig. 4a , the Xuankou Middle School, built in 2005 as an example). The damage observed varies from non-structural damage to total collapse of buildings. For further information on the damaged school buildings, see Zhao et al. (2009) . Strong ground shaking is verified in Fig. 4c , where a factory building is clearly tilted and has been close to a collapse of the ground floor. The structures still standing had suffered heavy structural damage, ranging from soft storey collapse due to failure of columns ( Fig. 4d-f ) to partial collapse (Fig. 4g ).
Bailu
In the city of Bailu, we visited the Bailu Middle School where the ruptured fault lies between two large school buildings (Fig. 5a ,b, pictures are taken towards NE and SW, respectively). Here, the fault scarp has a minimum displacement of 1.5-2 m with a small dextral component (0.2 m). The strike of the fault is approximately 230 • with a dip of approximately 30-50 • at the position 31.211 • N; 103.913 • E. The two school buildings were not constructed at the same time. The building located on the hanging wall block (left in Fig. 5a ) is from 2005, whereas the other one is older. Piles of rubble at each end of the school yard indicate total collapse of other smaller buildings that were located on top of the fault rupture. Studying details of the school buildings reveals that the large ground motions caused little or no damage to the new school building (Fig. 5c ), whereas the older building has suffered non-structural damage in the infill walls as shear cracks, but also severe damage was observed as is evident by beam and column failure (Fig. 5d,e) .
The maximum observed ground motion in the area was 633 cm/s 2 . This was recorded on the vertical component at Bijiao station, approximately 70 km from the epicenter (Li et al. 2008a ). In Bailu, there was widespread damage to buildings and infrastructure. The historical masonry bridge (Zhongfa) connecting the Bailu Middle School to the city (Fig. 6a) collapsed during the earthquake. The hospital building of Bailu was damaged and the roof collapsed (Fig. 6b) . The remaining buildings, which apparently did not suffer any structural damage, were still in use, although there were clear signs of cracks on the brick-walls (Fig. 6c,d ). The population who survived the earthquake was provided with temporary shelters (tents in the background of Fig. 6c ).
Hanwang
Before the Wenchuan earthquake, Hanwang was a large industrial city with 70,000 inhabitants. During the earthquake, 4,500 died and there were still many missing in October 2008. In an area of approximately 3 km 2 in the central part of Hanwang, 90-95% of the buildings totally or partially collapsed, resulting in a large uninhabitable area. The plans for this area are to protect the damaged parts, and preserve it as a memorial earthquake park.
The nearest ground motion records to Hanwang were recorded at Qingping station, approximately 90 km from the epicenter, with values of more than 800 cm/s 2 on the two horizontal components (Li et al. 2008a ). The fault scarp in Hanwang is visible near the market area (31.460 • N; 104.163 • E), where the orientation of the fault is measured to be approximately 260 • with a dip of 30-40 • . The vertical displacement was estimated to be about 1.5 m.
The clock tower shown in Fig. 7a has become a symbol of the Wenchuan earthquake, since it stopped at the time of the earthquake (14:28 local time). There was no apparent damage to this structure. The photographs in Fig. 7b -e are from the most heavily damaged area in the central part of the town. Non-structural shear cracks were observed in several buildings where the joints between the columns and beams seemed intact (Fig. 7b) . Many residential buildings of 4-5 stories suffered substantial damage in the area. An example of a soft storey collapse, of an apartment building is illustrated in Fig. 7c . In this residential building complex, the staircases between the apartment blocks also collapsed, leaving no exit for survivors.
In the central area of Hanwang, almost all non-engineered adobe structures completely collapsed, whereas the newer reinforced concrete buildings seem to have been able to withstand the strong ground shaking (Fig. 7d,e) , for example, the main building of Dong Fang Steam Turbine Factory (Fig. 7f) .
This area of Hanwang also includes the old market area. Most structures here were simple two-storey reinforced concrete buildings with a flat roof, where the ceiling height of the ground floor was larger than the ceiling height of the second floor. These buildings suffered severe damage due to failure of beam and column joints. As a result, there were significant volumes of rubble and construction material (piles up to 2 m high) in the streets (Fig. 8) . 
Beichuan
The city of Beichuan had a population of 22,000 before the Wenchuan earthquake. During the earthquake approximately 10,000 people died, 2,000 were injured, and in October 2008 approximately 1,900 were still missing. Almost all families in Beichuan lost family members as a result of the earthquake. Beichuan is located in a narrow valley between steep mountains and the city sustained additional damage due to several landslides. Later, a debris-and mudflow caused by heavy rainfall following the earthquake further devastated the area. This event, which occurred on September 21, 2008, is described in a separate section.
After the earthquake all communication lines were destroyed and the major roads leading out of the city were either destroyed or blocked by landslides and rock falls, leaving Beichuan cut off from the surrounding region for several days. The population therefore had to survive by their own resources, and witnesses have accounted that because of the rugged topography, 10-12 people were needed in order to transport one injured person out of the city valley.
The ground motions in Beichuan exceeded 350 cm/s 2 during the earthquake, with the largest ground motions on the vertical component (Li et al. 2008b ). The fault scarp runs through the city in the area between the old and the new part of town (31.829 • N; 104.457 • E, Fig. 9 ). The strike of the fault is found to be 230-240 • , and the vertical displacement was 2-2.5 m. Scarps due to the extensive landslides covered the mountain sides, and part of the Various types of building damage are observed in Beichuan, ranging from non-structural damage to total or partial collapse (Fig. 10) . The Bei Chuan Hotel sustained the strong ground shaking and did not collapse. However, failures at the column beam joints are visible and the hotel is no longer habitable (Fig. 10a, b ). In the main street of the new part of Beichuan ( Fig. 10c-e) , weak structures, with partly open-ground storey, have partially or totally collapsed due to column failure, whereas the more resistant apartment blocks, without open-ground storey, have no apparent structural damage. The building in Fig. 10f , located in the main street, suffered from soft-story collapse. Note that the glass façade of the building is almost intact. Other examples of damage to structures in Beichuan are collapse of soft stories as well as tilting and toppling of apartment blocks indicating ground failure (Fig. 10g,h ). Throughout the city, survivors were still trying to recover their belongings from the damaged buildings and rubble at the time of our visit ( Fig. 10a , e).
Damage to in infrastructure and special structures
During the survey, we also visited sites where damage to infrastructure had occurred, e.g. collapsed roads, as well as damaged and undamaged long-span or high-rise structures. The performance of some of these special structures is described here.
On the road from Chengdu to Yingxiu, the Baihua Bridge ("Hundreds of Flower" Bridge) collapsed at the entrance to Yingxiu (31.045 • N; 103.474 • E) due to failure of the bearing (Fig. 11) . The failure of the bridge further complicated the access to the area, hindering emergency rescue efforts.
In the industrial city of Hanwang, the large-span buildings of the Dong Fang Steam Turbine Factory suffered varying degrees of damage (Fig. 12) . The older brick buildings experienced roof collapse and partial collapse of walls. However, the main structure and the columns are intact and still standing (Fig. 12a,b) . The gymnasium of the turbine factory, a steel-structure, was intact after the earthquake (Fig. 12c) .
High-rise structures suffered varying degrees of damage. As an example, the water tower of the Shifang Cement Plant (located in Hanwang), approximately 15-20 m high and with a large mass on top (Fig. 13a) , is intact after the earthquake, although nearby buildings were severely damaged. Figure 13b , on the other hand, shows another factory in Hanwang where the chimney has been damaged near the top. The nearby factory buildings have been heavily damaged, with partial collapse of some walls. Also long-span structures, such as bridges and dams, experienced varying levels of damage. Damage to bridges varies from total Older factory buildings, which suffered from substantial damage as roof collapse. c The gymnasium of the factory, which is a newer steel structure, had no apparent damage after the earthquake collapse, such as an older bridge located near the surface rupture in Hanwang (Fig. 14a) , to no damage. The Zipingpu Dam was slightly damaged due to displacement of the dam (vertical settlements of 73 cm and horizontal displacements of 38 cm have been observed after (Zhang et al. 2009 ). However, the main structure of the dam remained intact (Fig. 14b) . Construction of the Zipingpu dam was completed in October 2005, and the reservoir reached a water level of 875 m above sea level in October 2006 and again in November 2007 (Zhang et al. 2009 ). Several authors have discussed whether this 
Secondary effects after the Wenchuan earthquake
Numerous secondary effects have been documented and there are at least 15,000 instances of landslides, rock falls, debris flows and mudslides. These effects are estimated to have caused more than 20,000 fatalities (Yin et al. 2009 ). This is seen clearly at Beichuan. The city sustained heavy damage due to strong ground shaking from the main shock and later by aftershocks. Additional damage was caused by the following landslides and rock falls from the steep mountains that surround the city. The area was further impacted by a widespread debris-and mudflow on September 21, 2008. Figure 15 shows Beichuan before and after the earthquake, as well as after the debris flow. Houses can be identified in the three pictures for correlation. The extent of the debris flow was widespread and comparing Fig. 15b ,c clearly 
Rock slides and landslides
The steep slopes of the mountains in the entire earthquake affected region (the mountain front rises about 4,500 m over a horizontal distance of 100 km across the Longmenshan Mountains), combined with the likely amplification of strong ground motion in the mountain topography, are important factors for the large amount of triggered landslides following the Wenchuan earthquake. In the area near Yingxiu and the water reservoir for the Zipingpu Dam, the large (Fig. 16) . The size and number of landslides verify the extensive ground shaking experienced in the area during the main shock.
Similarly, Beichuan is surrounded by steep mountains, and the city sustained significant damage as a result of a large number of landslides and rock falls (Fig. 17) . Large volumes boulders and large blocks have caused severe damage both to infrastructure (blocking roads and tearing down communication lines) and to buildings in the city. Several landslide scarps were visible in the city (Fig. 17a-c) . We saw several structures in the city, which appeared to have withstood the strong ground shaking but were later destroyed by the triggered landslides. An example of this is shown in Fig. 17d , where an apartment building is completely destroyed by a landslide, while the two neighboring buildings are still standing, one of them without any apparent structural damage. Also, large blocks from the rock falls caused damage to the infrastructure blocking the roads leading in and out of the city (Fig. 17e,f) .
Debris flow on September 21, 2008 (Beichuan)
On September 21, 2008, Beichuan was struck by a large debris-and mudflow which covered the SW part of the city with up to 3 m of debris material and mud (Fig. 18) . The debris flow did not cause further structural damage to the buildings in the area (comparing Fig. 18a,b) . However, the roads in the city were covered by the large amount of debris material and mud, making it difficult to get around in the city. Broken trees were brought to the city from the mountain sides, creating a natural dam (Fig. 18c,d ). Houses located in the debris flow area had diagonal cracks in the walls caused by the strong ground shaking during the earthquake (Fig. 18c) . In the older part of the city, towards the river, there was a large row of damaged houses surrounded by debris material, where rubble from damaged structures has been transported to the central part of the city during the debris flow (Fig. 18d) .
The strength of the debris-and mudflow was evident by the many splatter stains of mud on the in-and outside the buildings within the debris flow area. Tree trunks inside the buildings indicate that the debris flow penetrated houses (Fig. 19a,b) . The structural damage to the buildings, as well as tilted or toppled houses within this area, were probably caused by the strong ground shaking during the earthquake rather than the debris flow. Due to the huge amount of debris material covering the area, the lower floors of the buildings were buried in mud (Fig. 19a,c and d) . Within the debris flow area, large rock bodies, which have fallen from the mountain sides, as well as cars and other objects, were visible ( Fig. 19d-f) . Several observations of liquefaction during the Wenchuan earthquake have been reported along the fault rupture . During the field trip, we observed indicators of liquefaction near Beichuan (Fig. 20a) . Here, a wall along the road has sunk into the liquefied sand and the concrete road was broken in a large area due to the liquefied base. The roads were in many places constructed of large concrete blocks, these were often fractured or suffered from buckling (Fig. 20b) .
Human consequences, societal response and reconstruction
The field reconnaissance was conducted roughly 5 months after the Wenchuan earthquake, and the immediate emergency rescue had therefore already been completed. Memorial sites of the earthquake had been set up in every city we visited. During the months following the earthquake many large temporary shelter towns were established, serving as homes for the survivors of the earthquake. Additionally, tents and more unstable self-constructed shelters were also present throughout the area.
An enormous number of people were killed or injured in Beichuan as a result of the earthquake and the landslides that followed. A mass grave was established in the central part of the city where a new building was under construction at the time of the earthquake (Fig. 21a) . During our visit in Beichuan, we observed several people entering damaged and tilted houses to collect their belongings (e.g. the building shown in Fig. 10f) , and the survivors were still carrying belongings from the valley and over the mountain side to the temporary shelter towns (Fig. 21b,c) .
In Yingxiu, in the epicentral area, two large temporary shelter towns had been constructed; one covering a large part of the valley south of the city (Fig. 22a-d) , the other on top of a nearby hill. New schools and activities for the children were established, and large gardens were available for growing vegetables for the surviving population. The memorial site for the earthquake was located on the hill side, between the upper and lower shelter town (Fig. 22e) . In addition to the large number of shelters provided by the authorities, there were several self-constructed shelters/tents of various qualities. In Yingxiu, the shelter shown in Fig. 22f , was situated only few meters from the fault scarp shown in Fig. 3a . The reconstruction of the earthquake affected area was still ongoing at the time of our visit. The authorities have provided building material for construction of new houses to the survivors, an example of this is given in Fig. 23a . Reconstruction was usually done by the Fig. 23b , and most of the structures were either of brick-reinforced concrete type or brick-wood type. The vulnerability of these structures in future earthquakes is expected to be high.
Preliminary ground motion simulation of the Wenchuan earthquake
During the reconnaissance trip, it became clear that the strong ground shaking was widespread and varied significantly over the affected area. In order to understand this variation, we have conducted a preliminary ground motion simulation study of the Wenchuan earthquake, applying a hybrid broadband simulation technique .
Ground motion simulation methodology
We calculate the ground shaking during the Wenchuan earthquake in the frequency range 0.1-10 Hz, following the approach by and . This method has previously been validated in forensic e.g. for the 2000 Tottori (Japan) and 2004 Sumatra (Indonesia) earthquakes Sørensen et al. 2007 ). The simulation is separated into two frequency ranges; low frequencies (0.1-1.0 Hz) and high frequencies (1.0-10 Hz). Ground motion is modeled using a finite fault model with high-slip asperities embedded in a one-dimensional velocity model. The fault plane is divided into 300 subfaults, which are assumed to be point sources. The low-frequency ground motions are obtained from the deterministic wave propagation (Bouchon 1981) , whereas the highfrequency ground motions are calculated using a semi-stochastic simulation methodology that combines the empirical Green's function method of Irikura (1986) with the stochastic method of Boore (1983) . The total ground motion is obtained by adding the contributions from each subfault in the time domain, assuming a constant rupture velocity within each subfault. A frequency-dependent radiation pattern is assumed to enable a smooth transition from a double couple radiation pattern at low frequencies to an isotropic radiation pattern at high frequencies . All calculations are performed for bedrock conditions, and possible site effects and topography are therefore not considered.
Scenario earthquake parameters
The input source model is an earthquake scenario that is defined by the geometry and geographical location of the fault and its asperities, together with the rise time, rupture velocity, stress drop and seismic moment. The crustal structure is represented by a 1D velocity model together with a frequency-dependent attenuation function. In this study, we have used two velocity models to represent the crustal thickening across the studied fault, from the thinner crust underneath the Sichuan Basin in the east to the thicker crust of the Tibetan Plateau in the west. Both models are adopted from Zhao and Zhang (1987) . The location and the size of the asperities within the fault plane are determined using a finite fault slip model based on waveform inversion of the teleseismic records. In this preliminary study, we have adopted the finite fault model of Ji and Hayes (2008) , where a thrust mechanism along the southernmost part of the fault transforms into strike-slip motion along the northern part. To accommodate this change, we have defined two fault segments with different focal mechanisms, with a dip on the southern segment of 33 • and on the northern segment of 65 • (Koketsu et al. 2009 ). The rake applied on the two segments is derived from the finite fault model of Ji and Hayes (2008) . In order to represent the large variation of slip across the fault plane, we define two types of asperities that correspond to regions of high (6-9 m) and intermediate (2-6 m) slip. The stress drop applied to the high-slip and intermediate-slip asperities, as well as to the background rupture, has been calculated from the fault area and the seismic moment, following . The individual subfaults are assigned a rise time varying randomly between 2.0±0.5 s. The rupture velocity on each subfault is sampled from the interval 2.8±0.4 km/s, in agreement with the results of Nishimura and Yagi (2008) , who reported a maximum rupture velocity of 3.2 km/s. The input parameters used in the simulation are summarized in Table 1 .
Ground motion simulation results
We have simulated waveforms on a regular grid covering the study area (101-107 • E; 30-34 • N) and extracted the peak ground motions (PGA and PGV) at every grid point to get an insight into the distribution and extent of the strong ground shaking. The PGA and PGV distributions obtained are shown in Fig. 24 . The strongest ground shaking is simulated along the rupturing fault plane with the largest ground motions associated with the southernmost segment of the fault. PGA and PGV here reach values up to 930 cm/s 2 and 200 cm/s, respectively. In Fig. 24b , the maximum PGV values are shifted and extended to the northeast of the fault plane as a result of rupture directivity due to the unilateral rupture towards the northeast. The continuity of maximum ground motions along the entire fault can be associated with the fault model, which has asperities distributed throughout the central part of the fault plane (Ji and Hayes 2008) . The recent installation of the Chinese National Digital Seismic Network meant that the Wenchuan earthquake was recorded by approximately 460 stations (Li et al. 2008a ) and there are many near-field recordings of this earthquake. The largest ground motions were recorded by the three near-fault stations Wolong, Qingping and Baijiao, which recorded maximum values of 957.7, 824.1 and 633.1 cm/s 2 , respectively (Li et al. 2008b) , which corresponds well with the maximum modeled ground motions at these locations, which are close to 1 g, obtained from the earthquake scenario. The recorded peak accelerations at distances up to 500 km from the fault have been compared to empirical attenuation relations by Li et al. (2008a) . This study shows that the recorded peak accelerations are generally higher than those predicted by the empirical relations, especially at distances of 100-500 km from the fault. Comparing our preliminary simulation results to the same empirical attenuation relations for acceleration ground motions reveals that the simulated ground motions also predict larger ground motions than the empirical attenuation relations (Fig. 25) . From the distribution of peak ground acceleration obtained in this study, it is evident that the simulation successfully reproduces the maximum ground motion values near the fault, and that the simulated peak acceleration values are comparable to those recorded during the earthquake.
For more details on ground motion simulations of the Wenchuan earthquake, the reader is referred to Bjerrum et al. (2010) and Zhang et al. (2008) .
Discussion
In the following paragraphs, we discuss the faulting characteristics of the earthquake, the damage observed to the built environment, the human consequences of the Wenchuan earthquake and the ongoing planned reconstruction of the earthquake affected area. (2000), Sadigh et al. (1997) and Fukushima and Tanaka (1990) (see legend). The X, + and * show the recorded peak values for Wolong, Baijiao and Qingping stations, respectively
Fault complexity
The Wenchuan earthquake ruptured along the steep topography of the Longmenshan Mountains. Tectonically, this area is under compression due to the escape of the Tibetan Plateau towards east, overthrusting the Sichuan Basin. As a consequence, several fault strands run parallel to the mountain front (as indicated in Fig. 2 ), resulting in a wide area where steeply dipping thrust faults cut the surface as a part of a positive flower structure, where the parallel fault strands are connected at depth (see Hubbard and Shaw 2009, for example) . Migration of such thrust faults towards the east results in the formation of several structures along the mountain range and within the Sichuan Basin that are visible in the topography. The rupture of the Wenchuan earthquake occurred along three parallel faults in the western margin of the Sichuan Basin, resulting in a complex pattern of several parallel to sub-parallel fault scarps and a large area of extensive destruction.
Waveform inversions conducted after the earthquake (e.g., Ji and Hayes 2008; Koketsu et al. 2009; Nishimura and Yagi 2008) all yield a combination of thrust and strike-slip motion during the rupture. The distribution and focal mechanisms of aftershocks (M > 5) reported by the ISC show the same pattern of a mixture of thrust and strike-slip mechanisms (Fig. 26) . Lin et al. (2009) have conducted a field study to measure displacements along three different fault scarps following the earthquake (Yingxiu-Beichuan Fault, Guanxian-Anxian Fault and Qingchuan Fault). Their results reveal a predominant thrust movement along the Guanxian-Anxian and Qingchuan Faults, whereas large horizontal displacements were observed along the Yingxiu-Beichian Fault. This indicates a partitioning in the style of displacement to two (or more) distinct faults. Although the Wenchuan earthquake occurred within a complex tectonic setting and in an area with many sub-parallel fault strands, the ground motion simulation conducted in this study, which is based on a simple source model where average displacements of all three faults are gathered in only one plane, successfully reproduces the recorded ground shaking. Based on the waveform inversions and the aftershock distribution, the ruptured part of the fault has been estimated to be approximately 300 km long. However, the estimates of the down-dip width of the fault remain uncertain. The available slip models (i.e., Ji and Hayes 2008; Koketsu et al. 2009; Nishimura and Yagi 2008) use widths varying from 40 to 80 km. Bjerrum et al. (2010) suggest in a detailed simulation study that the fault ruptured over a fault width of approximately 40 km. The empirical relation of Wells and Coppersmith (1994) for earthquake magnitude versus rupture area of a thrust mechanism earthquake suggests that a fault with dimensions 300 km along strike and 40 km along dip (12, 000 km 2 ) corresponds to an earthquake with a magnitude of M = 8.0. If the fault width is set to 80 km (fault area of 24, 000 km 2 ), the corresponding magnitude would be M = 8.3. Together, this supports that the M = 8.0 Wenchuan earthquake had a fault width of approximately 40 km.
The Longmenshan Fold and Thrust Belt in the west of the Sichuan Basin is a 400-500 km long fault system. The May 12, 2008 event was a unilateral rupture, which ruptured the northernmost 300 km of this fault system. The southernmost end of the fault system, approximately 150 km from the Xianshiuhe fault to Yingxiu, has not yet ruptured. Stress transfer analyses conducted following the Wenchuan earthquake have predicted a stress increase on this part of the fault system (Parsons et al. 2008; Toda et al. 2008) . Using the empirical relations of Wells and Coppersmith (1994) , a fault length of 150 km corresponds to an earthquake of M = 7.7. Such an earthquake would have serious consequences which need to be explored in the near future.
The unilateral rupture towards northeast from Yingxiu had catastrophic consequences for the city of Beichuan. This is borne out by the high acceleration values recorded there during the event (Li et al. 2008a) , which are simulated in this study. However, it is likely that because of the northeastward direction of rupture propagation, Chengdu, the state capital of Sichuan with a population of approximately 11 million, escaped without serious damage. Had the hypocenter been located in the northern part of the fault system with rupture towards southwest, it most likely would have caused much stronger ground shaking in Chengdu, leading to serious damage and human losses. 
Damage to built environment
The strong ground shaking experienced during the Wenchuan earthquake, combined with an unfavourable frequency distribution of the ground shaking, lead to the collapse of many buildings. The simulated acceleration response spectra for Wolong, Qingping and Baijiao are shown in Fig. 27 . These indicate that the ground shaking had a predominant period between 0.1 s and 1 s. This is in agreement with the recorded signals for which the predominant response spectral accelerations range between 0.1-0.6 s (Li et al. 2008a ).
In the area of approximately 3 km 2 in the central part of Hanwang, where 90-95% of the buildings were totally or partially collapsed (Figs. 7, 8) , the typical structures were residential buildings of 4-5 stories and two-story buildings in the market area. Applying a simple empirical relation (Kramer 1996) for the typical structures in Hanwang, the predominant periods are estimated to be 0.16-0.21 s for two story buildings, and 0.47-0.56 s for five-story apartment blocks. Comparing the fundamental periods of the structures in the area to the predominant periods of the seismic signals shows a clear similarity, explaining why these buildings have not been able to withstand the ground shaking experienced in the area. On the other hand, tall structures such as the water tower (Fig. 13a) , clock tower and main building of Dong Fang Steam Turbine Factory (Fig. 7a and f) with an estimated height of 15-20 m, have a predominant period of 0.5-0.8 s and did not experience any damage. In this respect, the damage observed in the area can to a large extent be attributed to the frequency content of the ground shaking. The destruction can therefore be seen as very selective, leaving some buildings without any sign of damage, although the surrounding structures have totally collapsed. Furthermore, older buildings have suffered significant damage probably due to insufficient design codes or poor construction practices. Many of the buildings still standing in the area (for example the buildings in the background of Fig. 7d) were under construction at the time of the earthquake, and are assumed to be designed after the latest adequate seismic design code ).
In the case of Beichuan, the city suffered from an unfortunate cascade of events: strong ground shaking, landslides, rock falls and debris flow. All this, in addition to a very rough and mountainous topography, made emergency response very difficult and the city had to cope without external assistance during the first days following the earthquake. We note that the city was also unfavorably located with respect to the direction of rupture propagation. At the time of the field trip, the city was abandoned, and the surviving inhabitants had been moved from the valley to a nearby temporary shelter town. The thick cover of mud and debris material, which was transported to the area during the debris and mudflow of September 21, 2008, poses enormous challenges in the cleaning up and reconstruction process of the city.
Human consequences and reconstruction
Within the earthquake affected area, large shelter towns were constructed rapidly for the survivors. Efforts of the authorities under a very efficient administration have enabled e.g. schools to be put into function soon after the earthquake, ensuring as fast as possible close-to-normal daily life. Along the roads we observed also numerous private initiatives for re-building and constructing houses. The construction practice of these structures seemed somehow questionable with respect to the basic principles of earthquake resistant design.
In order to keep the lessons learned from the Wenchuan earthquake disaster alive for the next generations, several destroyed cities in the area are planned to be kept as "Earthquake Museums" (e.g. Yingxiu, Hanwang and Beichuan), serving as memorial sites for the earthquake as well as study/field work sites for seismologists and earthquake engineers. There still exists a large task in reconstructing the damaged area and building new permanent cities for the survivors. The government has already some concrete plans for proper reconstruction of several sites following adequate seismic design codes.
Conclusions
Based on our experiences from the field trip to the selected sites in the earthquake affected area in October 2008, we can draw the following conclusions:
• Extensive damage is observed due to the shear size of the earthquake rupture and poor building construction.
• Combination of several factors such as strong ground motion, mountainous landscape, extensive landslides and rock-falls have exaggerated the human and economic consequences of this earthquake.
• Fault rupture complexity has further contributed to the intensity and distribution of damage. The rupture directivity effect had both positive and negative consequences, i.e. Chengdu has escaped significant damage, whereas Beichuan was completely devastated.
• Emergency response and rescue efforts, as well as construction of temporary sheltering for large masses of people, were successfully conducted by the Chinese authorities. However, there remain major challenges in cleaning up and permanent reconstruction of the damaged cities.
Previous seismic hazard estimates in the area have foreseen maximum macroseismic intensities of VII ), whereas intensities reaching IX-XI were observed during the Wenchuan earthquake. This deficiency in seismic hazard assessments for very long return periods points out the importance of considering also events with extremely low occurrence probabilities in seismic hazard assessment. Realistic estimates of the seismic hazard due to such events can be based on finite fault rupture scenarios. In this regard ground motions simulation methodologies, such as the one applied in this preliminary study and tested elsewhere (Bjerrum et al. 2010; Sørensen et al. 2007 ), can provide significant insight to the ground motion distribution and its complexity prior to such disastrous events, and can efficiently be used in earthquake preparedness programs.
